Background: For the evaluation of nonpalpable lesions of the breast, image-guided 14-gauge automated needle biopsy is increasingly replacing wire-localized excision. When ductal carcinomain-situ (DCIS) is diagnosed at core biopsy, invasive cancer is found in approximately 17% of excision specimens. These so-called DCIS underestimates pose a problem for patients and surgeons, because they generally cause extension of treatment. We evaluated DCIS underestimates in detail to assess reasons for missing the invasive component at core biopsy. This evaluation also included a histological comparison with true DCIS (DCIS at core biopsy and excision).
Ductal carcinoma-in-situ (DCIS) diagnosed at imageguided core biopsy of the breast may turn out to be underestimated at subsequent surgical excision biopsy. In roughly 17% of cases, an invasive component is found at surgery. 1 These so-called DCIS underestimates are undesirable for various reasons. Because most surgeons do not perform axillary lymph node dissection or sentinel node biopsy (SNB) for DCIS, a DCIS underestimation will result in axillary dissection or SNB at a later date. This not only implies a delay in the definitive diagnosis and, hence, the appropriate treatment, but is also associated with higher costs. Furthermore, it has been suggested by several authors that SNB, the preferred axillary approach in small-size invasive breast cancer, is less accurate after prior breast surgery. 2, 3 Finally, DCIS underestimates can be expected to be psychologically distressing for the patient. Therefore, decreasing the DCIS underestimate rate after image-guided breast biopsy is desirable.
Various studies have tried to find determinants of DCIS underestimates. Factors related to the underestimate rate include the size of the mammographic lesion (i.e., there is more sampling error with a larger lesion), the extent and distribution of the calcifications (i.e., a larger area of calcifications turns out to represent an invasive tumor more often), and the presence of a mass (a mammographic mass is often associated with an invasive carcinoma). 4 -8 Histological factors reported to be associated with a higher likelihood of invasiveness or microinvasiveness include a high grade of nuclear atypia, a comedo subtype, and larger size. 6,8 -12 However, these findings have not led to generally accepted recommendations for decreasing the DCIS underestimate rate.
The purpose of this study was to provide a detailed evaluation of DCIS underestimates and to assess reasons for missing the invasive component at core biopsy. It included a histological comparison with core biopsy samples of patients with true DCIS (i.e., DCIS at core biopsy and excision).
MATERIALS AND METHODS

Study Population
From April 1997 to January 2001, 1179 stereotactic 14-gauge needle biopsies were performed in 1113 patients. In 255 patients, DCIS was diagnosed at needle biopsy, and all underwent surgical excision. At excision, invasive carcinoma was diagnosed in 41 (16%) of the 255 patients. These cases are referred to as DCIS underestimates. If no invasive cancer was found at excision, these cases were labeled true DCIS (n ϭ 214). A random sample was taken from the true DCIS group (n ϭ 32) for comparative purposes.
Biopsy Procedure
Since 1997 we have used stereotactic 14-gauge core needle biopsies in five institutions (Antoni van Leeuwenhoek Hospital, Amsterdam; Bosch Medicentrum, Den Bosch; Martini Hospital, Groningen; Dr. Daniel den Hoed Clinic, Rotterdam; and University Medical Center, Utrecht) to evaluate patients with nonpalpable breast lesions suggestive of carcinoma. All local institutional review boards approved the study protocol.
Biopsies were performed in all centers with a 14-gauge core needle and a long-throw (2.2-cm excursion) automated biopsy device with multiple passes (C. R. Bard Inc., Covington, GA) with the patient prone on a table (Fisher Imaging, Denver, CO). Lesions were localized with digital mammography. Our protocol advises taking at least eight core biopsy samples in cases of calcifications and five in cases of density or architectural distortion. In case of calcifications or microcalcifications, a specimen radiograph was obtained and the biopsy procedure was said to be representative if some of these calcifications or microcalcifications were shown in the specimen. In all cases, histopathological findings were correlated with the mammographic features at our weekly multidisciplinary meeting, which was attended by the radiologist performing stereotactic breast biopsies, a breast pathologist, and a surgeon. Our diagnostic protocol has been described in detail elsewhere. 13 Lesions at each of the five institutions were accrued sequentially. Ultrasonographically guided percutaneous biopsy findings were not included.
Data Collection
Characteristics of participants were collected through questionnaires before the 14-gauge needle biopsy and were compared between the true DCIS group (n ϭ 214) and the DCIS underestimate group (n ϭ 41). These included patient factors (age at needle biopsy procedure, history of benign or malignant breast disease, hormonereplacement therapy, and parity). Furthermore, radiological characteristics were noted by the radiologist who performed the biopsy (type of mammographic lesion [mass, calcifications, or architectural distortion]; radiological classification [probably benign, suggestive of malignancy, or radiologically malignant]; the largest diameter of the area of calcifications; accuracy of the localization of the lesions with digital imaging and of the biopsy procedure; and the total number of biopsy specimens obtained). Histopathological characteristics included tissue diagnosis and the type and grade of the tumor. The grade of DCIS (I, well differentiated; II, moderately differentiated; III, poorly differentiated) was determined by using the classification proposed by Holland et al. 14 
Radiological and Histopathological Review
An extensive review of the radiological and histopathological material of all DCIS underestimate cases (n ϭ 41) was performed to find reasons for missing the invasive cancer at core biopsy. All mammograms, x-rays taken during the biopsy procedure, and specimen radiographs were reassessed by a radiologist with experience in stereotactic breast biopsy procedures.
All core and surgical biopsy specimens were reviewed by an expert breast pathologist. In addition, we compared the histopathological findings at core biopsy of a nonselective sample of 32 true DCIS cases with those of the 41 DCIS underestimate cases. All tissue obtained at core biopsy was embedded in paraffin and serial-sectioned in slides of 5 m, and every 10th slide was stained with hematoxylin and eosin. Slides of the core specimens were scored on the technical quality of the slide, fixation, and the staining (hematoxylin and eosin). The quality of the tissue and the damage induced by the biopsy proce-dure were noted. The total length of the core biopsies was registered. The presence, type (dystrophic or psammomatous), and location (in malignant or benign tissue) of calcifications were noted. Furthermore, periductal stromal reaction-e.g., fibrosis and inflammatory infiltrate-was quantified as a potential predictor of invasive carcinoma. 5 All surgical excision specimens were reviewed along the same criteria, including a description of the type, size, location, and multifocality of the invasive carcinoma.
Finally, for each of the 41 DCIS underestimate cases, the pathologist and the radiologist decided what the most likely reason was for missing the invasive component at core biopsy. These reasons were subsequently classified into the categories "mainly radiological" and "mainly histopathological" reasons and "histological disagreements."
Statistical Analysis
Characteristics for DCIS underestimates were compared with true DCIS characteristics. Categorical characteristics are presented as percentages, and the 2 test was used to compare proportions. Statistical analysis was performed with SPSS 9.0 (SPSS Inc., Chicago, IL).
RESULTS
Baseline Characteristics
Patient characteristics are listed in Table 1 . Apart from a lower frequency of nulliparity (10% vs. 25%; P Ͻ .05) and a higher frequency of postmenopausal women (71% vs. 10%; P Ͻ .05) in the DCIS underestimate group, the results were not significantly different from those of true DCIS patients. In the 41 DCIS underestimate cases, the mean Ϯ SD diameter of the invasive component was 8.3 Ϯ 6.3 mm. Eight patients had axillary metastases (range, 1-11 tumor-positive lymph nodes; median, 7).
Radiological Characteristics
The radiological characteristics are listed in Table 2 . Both in the DCIS underestimate and the true DCIS group, the radiologist documented the lesion localization and biopsy procedure to be correctly executed in 95% of cases. The average extent of microcalcifications for the entire group of lesions consisting of calcifications (n ϭ 236) was 16.4 mm.
Histopathological Review
The average length of the sum of all core biopsy specimens per patient was 53.2 Ϯ 19.3 mm in the DCIS underestimate group vs. 54.3 Ϯ 29.7 mm for the true DCIS group (P Ͼ .05). Calcifications were never found in the center of the invasive tumor in the excision specimen, but were found in the peripheral ducts containing DCIS or in adjacent benign mammary tissue (Fig. 1) .
The results of the histopathological review are listed in Table 3 . Periductal stromal fibrosis was not related to invasiveness. A poorly differentiated DCIS in the core biopsy specimen was 2.9 times more likely to be a DCIS underestimate than a true DCIS when compared with well-differentiated or moderately differentiated DCIS, and if a periductal inflammatory infiltrate was seen, this was 3.3 times more likely to be associated with invasiveness.
Correlation Between Histopathology and Radiology
On combined review of the histopathological and radiological findings, the radiologist and pathologist for- (Table 4 ). The reasons were categorized into three groups. The first category was "mainly radiological" problems. This included four cases in which the invasive component was missed because the mammographic lesions consisted of such a large area (30, 45, 60, and 95 mm) of calcifications that only part of the lesion was sampled, which turned out not to be the invasive component (sizes of the invasive tumors were 16, 6, 9, and 2 mm, respectively). In nine cases, the mammographic lesion consisted of calcifications and an accompanying density, but only calcifications were sampled. At review, the invasive component found at excision turned out to be the mammographic density. Seven other cases were underestimated because of different sampling difficulties. The second category was "mainly histopathological" problems-e.g., nine cases were suggestive of invasive cancer, but the diagnosis could not be made with sufficient certainty. Most of these cases involved intermediately or poorly differentiated DCIS. In three other cases, the combination of a poor quality of the slide itself, the fixation, or the staining negatively affected the microscopic examination and subsequent accuracy of the histopathological diagnosis of the core biopsy specimen. In these other cases, suggestion of invasive or microinvasive carcinoma was seen, but because of the lack of quality of the slide, there was not enough convincing evidence for an invasive carcinoma diagnosis at core biopsy. In three cases, the findings of invasive tumor at excision were coincidental. The third category consisted of "histological disagreements." Two cases seemed to have been misdiagnosed by the pathologist who originally examined the core biopsy sample. Invasive cancer was already present in the core biopsy specimen but was missed. In an additional four cases, no invasive cancer was diagnosed in the excision specimen at revision, which implies that these had been incorrectly defined and treated as DCIS underestimates.
DISCUSSION
In our consecutive series of 255 cases in which DCIS was diagnosed at stereotactic 14-gauge-needle biopsy, invasive cancer was found in 41 cases (16%). This DCIS underestimate rate is comparable to rates reported in the literature. 1 Review showed that reasons for missing the invasive component at core biopsy were mainly radiological in 20 cases (49%), were mainly histopathological in 15 cases (36%), and were misdiagnoses (histological disagreements) in 6 (15%). Careful sampling, handling of biopsy specimens, and staining may prevent DCIS underestimates in up to 50% of cases. When core biopsy specimens were compared, the only difference we found was that high-grade DCIS and periductal inflammatory response were more often present in core specimens of DCIS underestimate cases than in true DCIS cases.
In an attempt to avoid radiological causes of DCIS underestimates, one has to realize that most DCIS lesions-in our series, 236 (95%) of 255 lesions-present as calcifications on the mammogram. Thorough sampling of a large area of calcifications is often impossible because of technical reasons of the stereotactic breast biopsy. However, the likelihood of an invasive carcinoma is greater in the presence of extensive calcifications. 15 It is interesting to note that we found the invasive component of the tumor never to be present in the area of calcifications; these areas usually represented DCIS, benign tissue, or both. If invasive carcinoma is present, it is most likely to be present as a mammographic density, and, hence, in composed lesions, both density and calcifications should be sampled. Because 14-gauge needle biopsy is a sampling method, the histopathological diagnosis can be made only on the tissue sampled, and this may be not representative of all pathological findings in a given case.
Decreasing the DCIS underestimate rate has been attempted by using biopsy devices that take larger biopsy specimens, such as 11-gauge vacuum-assisted biopsy. 4, 16, 17 DCIS underestimate rates for 11-gauge vacuum- assisted biopsy are reported to be 10.3% to 11.4%, in comparison to the 15.5% (95% confidence interval, 8%-26%) reported for 14-gauge automated core biopsy. 1 Of note, even with diagnostic excision biopsy, DCIS underestimates have been reported in up to 18% of cases. 18, 19 To decrease histopathological causes of DCIS underestimates, careful handling of the fragile material obtained at core biopsy is imperative. A sufficient number of slides should be made to gain adequate exposure of the tissue retrieved. We advocate serial sectioning of all core biopsy tissue. The histopathological assessment of 14-gauge breast biopsies may be more complicated when compared with open breast biopsy, because a smaller amount of tissue is obtained. The context of the surrounding tissue and topographic relationships of various structures is crucial for histologic analysis in many instances. Disagreements in histopathological diagnosis between pathologists do occur and may have a serious effect on therapeutic decisions. In this study, in six cases the diagnosis made at review differed from the original histopathological diagnosis. We therefore recommend that whenever a pathologist has doubts about the histopathological diagnosis at core biopsy (considering the consequences of repeated breast surgery), he or she should not hesitate to consult a colleague with extensive expertise in breast pathology.
The presence of stromal fibrosis or a periductal inflammatory cell infiltrate are subtle signs of early invasion. 19, 20 The etiology of the periductal inflammatory response in association with carcinoma is unknown, but it has been speculated to represent an immune response to (occult) basement membrane destruction and invasion or a response to a tumor-secreted or carcinogenic agent. 19, 21, 22 In this study, we found that when a periductal inflammatory infiltrate is present, the risk of finding invasion at excision is more than three times higher than when no inflammation is present. Also, poorly differentiated DCIS was associated with a 3-fold increased risk of invasion. A lesion with poorly differentiated DCIS and a periductal inflammatory response turned out to be a DCIS underestimate in 16 (70%) of 23 cases.
The diagnosis of subtle invasive carcinoma in a core biopsy specimen can be facilitated by obtaining deeper levels from the tissue block and/or by using immunohistochemical stains for the basement membrane (collagen IV and laminin) and myoepithelial cells (e.g., ␣-smooth muscle actin or heavy-chain myosin). 20 Cytokeratin immunostains are essential because they highlight individual invasive carcinoma cells that are beyond the bounds of the parent in situ carcinoma. These immunostains are also useful but not necessary in all cases for making the diagnosis of microinvasion. 23 Nevertheless, the ␣-smooth muscle actin and cytokeratin 14 immunostains we performed on our core biopsy specimens of DCIS underestimates revealed no confirmation of invasiveness. The value of these staining procedures is at least disputable.
The success of 14-gauge needle biopsy procedures and the validity of pathological diagnoses made on the core biopsy material are key determinants for the surgeon in planning the optimal management of nonpalpable breast lesions. Another option might be that when suspicion for invasion or microinvasion is high, treatment is directed as if invasive cancer were established at core biopsy. This may be appropriate for patients with a lesion presented by an area of microcalcifications Ն50 mm, because 60% of our cases turned out to be DCIS underestimates. Also, when the core biopsy specimen showed poorly differentiated DCIS with a periductal inflammatory response, we found invasive cancer at excision in 16 (70%) of 23 cases. In conclusion, approximately 16% of DCIS diagnosed by stereotactic 14-gauge needle biopsy are invasive at excision. Reasons for missing the invasive component are mostly radiological (49%) or histopathological (36%), whereas histopathological disagreements account for 15% of DCIS underestimates. Poorly differentiated DCIS and periductal inflammation found at core biopsy increase the chances of finding an invasive component at excision by approximately 3-fold. No invasive carcinoma present in the excision specimen, only DCIS 4 DCIS, ductal carcinoma-in-situ. a One patient had a density on ultrasound, but on the mammogram, only three clusters of calcifications were visible, and these were sampled.
b Core biopsy material showed only one and two ducts in total; all three had DCIS.
